cAMP analogs inhibit gamma-aminobutyric acid-gated chloride flux and activate protein kinase A in brain synaptoneurosomes.
The effects of permeant cAMP analogs were studied on the function of the gamma-aminobutyric acidA (GABAA) receptor and on the activation of protein kinase A in brain synaptoneurosomes. Incubation of cerebral cortical synaptoneurosomes with permeant cAMP analogs decreased muscimol-induced 36Cl- uptake in a concentration-dependent manner. The order of potency was chlorophenylthio-cAMP (CPT-cAMP) greater than dibutyryl-cAMP greater than 8-bromo-cAMP. This order of potency was reflected by the ability of the analogs to gain access to the intravesicular compartment. cAMP, which failed to penetrate the membrane, had no effect. The half-maximal and maximal effects of the cAMP analogs were similar in the cerebral cortex, hippocampus, striatum, and cerebellum. To determine whether the cAMP analogs were acting through the activation of protein kinase A, protein kinase A activity was measured in lysed synaptoneurosomes, using kemptide as the substrate. In the lysed preparation, where the cAMP analogs have direct access to intracellular enzymes, the order of potencies of the cAMP analogs to activate protein kinase A (8-bromo-cAMP greater than CPT-cAMP greater than dibutyryl-cAMP) differed from the order of potencies to inhibit muscimol-induced 36Cl- uptake. In regional studies, the greatest effect of CPT-cAMP was observed in the cortex, whereas the smallest effect was observed in the hippocampus and cerebellum. To determine whether cAMP inhibition of GABA-gated ion flux was due to activation of protein kinase A, the time course for each response was measured. Inhibition of muscimol-induced 36Cl- uptake by cAMP analogs was nearly complete by 5 sec. Significant activation of protein kinase A by CPT-cAMP was also observed as early as 5 sec, but protein kinase A activation continued up to 10 min. The protein kinase inhibitor peptide inhibited protein kinase A activity in lysed synaptoneurosomes but had no effect on ion flux in intact synaptoneurosomes, as expected. However, a permeant kinase inhibitor, H-8, also failed to inhibit the effect of cAMP analogs on the muscimol response, yet it inhibited protein kinase A activity. The failure of H-8 to inhibit cAMP analog effects on GABAA receptor function was most likely due to the presence of ATP inside the synaptoneurosomes, because H-8 inhibition of protein kinase A was reduced in the presence of ATP. These results indicate that cAMP and cAMP analogs must penetrate the intravesicular compartment to inhibit GABAA receptor function. Although cAMP analogs decrease GABA-gated ion flux under conditions in which they activate protein kinase A, a causal relationship remains to be established.